The role of sacral slope in the progression of a bilateral spondylolytic defect at L5 to spondylolisthesis: A biomechanical investigation using finite element analysis
Calibration of material property values used in the finite element (FE) models
Although Heuer et al. (2007) presented in vitro biomechanical testing data for L4-L5 segments; the geometry of L3-L4 FSU was used in the present study for calibration purposes.
[1] In the present study, an indirect calibration approach was adopted, where the CT data used in building the FE model were obtained from a 26 year old healthy male subject, and in vitro biomechanical testing data were obtained from Heuer et al. (2007) study. [1] In the intact state, L4-L5 lumbar lordosis in the FE geometry was different from that reported in the in vitro study. An attempt was made in the FE software to reposition the L4 vertebra relative to the L5 vertebra in order to obtain a lumbar lordosis match, but this resulted in distraction and misalignment of articulating bony pillars of the facet joints. Lumbar lordosis has a bearing on angular range of motion (RoM) and neutral zone (NZ) measurements.
Therefore, an L3-L4 FSU was modelled instead, for which lumbar lordosis was manipulated (with relative ease) to match with the experimental data without disorienting the facet joints.
To simulate loads and boundary constraints described by Heuer et al. (2007) , a centre node on the L4 inferior endplate was constrained from all movements in rotational and translational degrees of freedom. [1] Unconstrained pure moments were applied to the L3 superior endplate using a cross-beam construct attached to it ( Figure S1 Figure S3 for the sequential addition of anatomical structures.
Loads were incrementally increased (1Nm, 2.5Nm, 5Nm, 7.5Nm, and 10Nm) and nonlinear static solves were run in Strand7 (incorporating geometric, boundary, and material nonlinearities) to generate results for each stage of the increment. Range of motion (RoM) values at different load increments were evaluated from the solved FE models and compared with the in vitro RoM results. The deviations in RoMnumerical from RoMin-vitro at different loads were quantified, and a closed loop optimisation algorithm was formulated to achieve a RoM for the FE-model that was similar to the in vitro data ( Figure S2 ). A new parameter called Calibration Factor (λcal) was defined for this purpose, which captured the average deviation in RoMnumerical at different loads for the four bending motions combined.
where di was calculated at the corresponding Wi bending load Wi = ±1Nm, ±2.5Nm, ±5Nm, ±7.5Nm, ±10.0Nm (i =1, 2, 3, 4, 5)
Load-weighted average deviation was calculated as:
where j corresponds to different bending motions
Calibration Factor (λcal) was defined as follows: Material property values for the cortical and cancellous bone, the three regions of endplates, transverse, iliolumbar, and lumbosacral ligaments could not be calibrated using this approach; and therefore, uncalibrated values extracted directly from the literature were used in the models (Table S1 ). Cortical bone
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The calibrated material property values for various elements are presented in Table S2 . Table S2 . Calibrated material property values for various elements used in the finite element models.
To incorporate regional variation in the stiffness properties of annulus fibrosus, the annulus ground substance was divided into five regions with specific local weight factors for each region. 
